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Abstract
Background—Nationwide data on obesity prevalence in American Indian communities are 
limited.
Objective—We describe the body composition and anthropometric characteristics of 
schoolchildren from 7 American Indian communities enrolled in the Pathways study, a randomized 
field trial evaluating a program for the primary prevention of obesity.
Design—A total of 1704 children in 41 schools were enrolled in the study. Basic anthropometric 
measurements included weight, height, and triceps and subscapular skinfold thicknesses. 
Percentage body fat was estimated from bioelectrical impedance and anthropometric variables 
with the use of an equation developed and validated for this population.
Results—The children's mean (± SD) age was 7.6 ± 0.6 y, and their mean weight and height 
were 32.1 ± 8.9 kg and 129.8 ± 6.3 cm, respectively. Mean body mass index (BMI; in kg/m2) was 
18.8 ± 3.9, and mean percentage body fat was 32.6 ± 6.8%. With the use of current Centers for 
Disease Control and Prevention reference values, 30.5% of girls and 26.8% of boys were above 
the 95th percentiles for BMI-for-age, and 21% of girls and 19.6% of boys were between the 85th 
and 95th percentiles. Although there was a wide range in BMI across study sites and for both 
sexes, the percentage of children with a BMI above the 95th percentile was consistently higher 
than the national averages in all communities studied and in both girls and boys.
Conclusions—Overweight can be documented in a substantial number of American Indian 
children by the time they reach elementary school. Despite differences in the prevalence of 
2Supported by the National Heart, Lung, and Blood Institute (grants U01-HL-50869, -50867, -50905, -50885, and -50907).
Address reprint requests to B Caballero, Center for Human Nutrition, Johns Hopkins University, 615 North Wolfe Street, Baltimore, 
MD 21205. ; Email: caballero@jhu.edu. 
All authors participated in the development of the study protocol and supervised its implementation and the data collection at the field 
sites. JS supervised the data analysis and BC wrote the manuscript, which was reviewed and approved by all authors. No author had a 
financial or personal conflict of interest related to this research or its source of funding.
HHS Public Access
Author manuscript
Am J Clin Nutr. Author manuscript; available in PMC 2016 May 31.
Published in final edited form as:













overweight observed among communities, rates are uniformly high relative to national all-race 
averages.
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INTRODUCTION
The alarming increase in the number of US children who are over-weight [body mass index 
(BMI)-for-age > 95th percentile] or at risk of overweight (BMI-for-age between the 85th and 
95th percentiles) has been emphasized in several recent reports (1, 2). A comparison of data 
from several national surveys shows that the percentage of 6–11-y-old children with a BMI 
above the 85th percentile (with use of the 1963 National Health Examination Survey as a 
reference) increased from 15% in 1963 to 22% in 1994. The reasons for this increasing 
prevalence are not completely clear, but it is believed that a sedentary lifestyle and unhealthy 
dietary habits (eg, excessive consumption of high-fat snacks and soft drinks) may play a role 
(3).
Nationwide data on obesity prevalence in American Indian communities are limited. Data 
from specific tribes and from surveys of adult American Indian groups reported by the US 
Indian Health Service show prevalences of overweight [BMI (in kg/m2) ≥ 27.8 for men and 
≥ 27.3 for women] of 34% for men and 40% for women, compared with national averages of 
24.1% for men and 25.0% for women with use of the same criteria (4, 5). Although 
prevalence data for American Indian children are even more limited than for adults, a 1990 
survey that examined 9464 American Indian children aged 5–18 y found that 39% had a 
BMI above the 85th percentile [based on the second National Health and Nutrition 
Examination Survey (NHANES II)] (6). Similar frequencies were found in a large survey of 
schoolchildren in the Aberdeen area of the Indian Health Service (7). Other smaller surveys 
in specific tribes also reported prevalences in children of BMI above the 85th percentile of 
25–46% (8, 9). None of these surveys included specific measurements of body fat (10).
The Pathways study was a randomized trial designed to evaluate a program for the primary 
prevention of obesity, targeting elementary school children in grades 3–5. The intervention 
included components related to physical activity, food service, classroom curriculum, and 
family involvement. The aim of the Pathways intervention was to produce a difference of ≥ 
3% in mean percentage body fat between the intervention and control schools by the end of 
the 5th grade. Details of the intervention program and results from the feasibility studies that 
preceded the full-scale intervention are reported elsewhere (11, 12). The present report 
describes the results of baseline body-composition measurements in the 1705 children 
enrolled in the Pathways study and discusses these data in the context of national 
anthropometric surveys conducted in comparable age groups.
SUBJECTS AND METHODS
The Pathways study enrolled 41 schools serving 7 American Indian communities: White 
Mountain Apache, San Carlos Apache, Navajo, Sicangu Lakota, Oglala Lakota, Tohono 
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O'odham, and Gila River Indian Community (Pima-Maricopa). The study was organized in 4 
field sites—2 in Arizona, 1 in New Mexico, and 1 in South Dakota—and a data processing 
and coordinating center in North Carolina. To avoid interfering with the initiation of the 
intervention at the beginning of 3rd grade, children were enrolled at the end of 2nd grade, in 
the spring of 1997, and the intervention was carried out from the fall of that year through the 
spring of 2000. The study protocol was approved by the appropriate academic, school, and 
tribal authorities, and written consent from parents and verbal consent from children were 
obtained.
All measurements were performed at the schools. At least 80% of eligible children at each 
participating school were measured. Staff personnel from each field center were trained at a 
central location. The training included certification and cross-validation across study sites.
Children were asked to wear loose clothing, and shoes and jewelry were removed before 
measurement. Standing height was measured in duplicate with a Shorr vertical measuring 
board (Shorr Production, Olney, MD) by following previously described protocols (13) and 
was recorded to the nearest 0.1 cm. Body weight was measured, also in duplicate, by using 
portable, strain-gauge digital scales (Seca Model 770; Vogel & Halke GmbH & Co, 
Hamburg, Germany) and was recorded to the nearest 0.1 kg.
Triceps and subscapular skinfold thicknesses were measured to the nearest millimeter by 
using Lange (Cambridge, MD) skinfold calipers (13). The average of 3 trials was used as the 
final value for each subject.
Bioelectrical impedance measurements (resistance and reactance) were made on the right 
side of the body by using a 4-terminal, single-frequency (800 μA at 50 kHz) impedance 
plethysmograph (model 1990B; Valhalla Scientific, Valhalla, NY). Children were measured 
in the morning and were well-hydrated and resting while waiting. All measurements were 
performed in the school's infirmary or in a designated room that allowed privacy during the 
procedures. Two measurements were taken on each subject and the average of the 2 trials 
was used as the final value for each subject (14). Before each session, the instrument was 
calibrated by using 500 ± 1 Ω external resistors and by using the internal calibration system 
of the analyzer.
Quality control was done by remeasuring every 10th child. Readings beyond acceptable 
ranges resulted in the temporary exclusion of the operator who performed that measurement. 
After retraining and certification (usually within 48 h), the operator was reinstated to the 
measurement team.
Data analysis
Percentage body fat was estimated by using an equation previously validated in this 
population. The equation included weight, age, sex, resistance, reactance, and triceps and 
subscapular skin-fold thicknesses (15).
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where S is stature, R is resistance, and the SEE = 3.24%.
Sex-specific reference points for BMI-for-age were obtained from the Centers for Disease 
Control and Prevention growth curves (16). For comparison with our study population, we 
defined overweight as a BMI-for-age above the 95th percentile and at risk of overweight as a 
BMI-for-age between the 85th and 95th percentiles (17). All computations, including 
descriptive statistics, were done by using SAS software (version 8; SAS Institute Inc, Cary, 
NC).
RESULTS
Of the 1705 children enrolled, complete measurements were obtained for 1704 (881 boys 
and 823 girls), and the data are presented in Table 1. The children's mean (± SD) age was 
7.6 ± 0.6 y. Overall, 48.9% of the children were above the 85th percentile for BMI-for-age, 
and 28.6% were above the 95th percentile. The frequency distribution of percentage body fat 
by sex is presented in Figure 1. The 5th and 95th percentiles for percentage body fat in the 
total sample were 32.6% and 45.8%, respectively.
Average anthropometric data by American Indian community are presented in Table 2. The 
mean BMI in boys ranged from 18.1 to 21.1. The BMI range in girls was similarly narrow, 
from 18.0 to 21.0, reflecting the narrow age range of the sample.
Data on the percentage body fat and BMI cutoffs in each participating community are 
presented in Table 3. The percentage of children with a BMI above the 95th percentile 
ranged from 23.4% to 53.5% in girls and from 20.5% to 49.4% in boys. Although there was 
a considerable range across sites, in all cases the obesity prevalences were substantially 
higher than expected on the basis of reference data.
Seven children had a BMI below the 5th percentile, a proposed cutoff for defining 
undernutrition (18). This represents 0.4% of the sample population.
DISCUSSION
The high prevalence of overweight among American Indian children relative to the general 
population has been emphasized in several studies (4, 8, 19–25). Most of these studies 
sampled a relatively small number of children, however, usually from only one tribe or 
community. Our report represents the current prevalence of BMI-for-age above the 95th 
percentile in school-aged children attending 41 elementary schools in 7 American Indian 
communities. In addition, we present body-composition data that were collected with the use 
of a validated field method. Our data show that the prevalence of overweight in children 
from these communities is substantially higher than national levels. For example, in a 
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reexamination of childhood obesity data from NHANES III, Troiano et al (2) reported a 
prevalence of overweight (> 95th BMI percentiles of NHANES) of 11% in children aged 6–
11 y, compared with 28.6% in the present study. Triceps skinfold thickness, an index of body 
fatness, was notably higher in our sample than the reference values for 7-y-old children (26): 
median triceps skinfold thickness was 12.2 and 13.7 mm in boys and girls, respectively, 
compared with 8.59 and 10.68 cm, respectively, in the reference population (26).
Most published surveys on the BMI of American Indian children have not included specific 
measurement of body fatness. One reason for this is that there are no simple, inexpensive 
methods widely used for quantifying body adiposity in children, and there is also less 
consensus on how to use adiposity to define obesity in children of different ages. The use of 
BMI to assess excess weight in children has recognized limitations, despite being widely 
used. Because weight and height do not increase linearly nor in parallel throughout 
childhood, the same BMI value will reflect different body compositions at different ages (2). 
Beginning at around age 2 y, BMI tends to decline slightly, reflecting the predominant 
increase in height relative to weight, and increases again around age 5–6 y, a time when 
body fat accumulation increases progressively, a phase called adiposity rebound (27). These 
factors may lead to differing obesity prevalences calculated from the same database when 
BMI or other indexes of body adiposity are used (28, 29).
The relation between BMI and body fat in children may be affected by sex and maturation 
stage, resulting in a rapid increase in body fat accumulation at the onset of puberty in girls 
(30, 31). Our study did not measure sexual stage because the procedures were not culturally 
acceptable. For the purpose of the comparison between the control and intervention groups 
at the end of the study, it is expected that randomization will provide some assurance of the 
even distribution of maturation stages among study groups.
Our finding of 48.9% of children above the 85th percentile of BMI-for-age is higher than 
that reported in 1990 in a 5–18-y-old population (32). This may be due to differences in 
methodology, inclusion of a larger age span in the previous study, or to a secular trend 
toward higher body mass in American Indian children and adolescents. Such a trend toward 
higher BMI was documented by Sugarman et al (8) in Navajo children and adolescents, 
albeit over a longer time span. The tribe-specific results from our study document a common 
pattern of high prevalence of obesity in all 7 Indian communities. Although the overall 
prevalence of overweight was somewhat higher in girls than in boys (30.5% compared with 
26.8%; Table 3), these sex differences were not consistent; in some communities, the 
prevalence of overweight was higher in boys and in some there was little difference between 
the sexes. Because our study design and sample size were not aimed at performing intertribe 
comparisons, no formal comparison was included in the data analysis.
Because the Pathways intervention targeted the whole 3rd-5th grade population at each 
school, regardless of BMI status, the possibility that the intervention could affect the rate of 
growth of nonoverweight children was also considered. Childhood under-nutrition diarrheal 
diseases were important problems in this community only a few decades ago (33). Of the 
present cohort, only 7 children (0.4% of the sample) had a BMI below the 5th percentile 
(34). This is substantially less than the 85 expected on the basis of our sample size.
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In summary, our results underscore the high prevalence of over-weight in children from 
several of the major American Indian communities. Similarly, percentage body fat was 
higher than available reference values from all-race US populations of similar age. The fact 
that these differences are already evident in 2nd-grade children highlights the need to 
consider obesity prevention interventions for preschool-aged children in addition to 
programs targeting elementary schools.
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Distribution of percentage body fat in boys (-----) and girls (—) enrolled in the Pathways 
study. Percentage body fat was calculated by using an equation that included bioelectrical 
impedance and subscapular and triceps skinfold thicknesses.
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TABLE 1
Anthropometric characteristics and body composition of the children studied
1
Percentiles
x̄ ± SD 5 25 75 95
Age (y) 7.6 ± 0.6 7 7 8 9
Weight (kg) 32.1 ± 8.9 22.5 26.2 35.8 49.3
Height (cm) 129.8 ± 6.3 119.9 125.5 133.9 140.8
BMI (kg/m2) 18.8 ± 3.9 14.8 16.2 20.4 26.3
Body fat (%) 32.6 ± 6.8 23.7 27.5 36.9 45.8
Skinfold thickness (mm)
    Subscapular 10.3 ± 6.4 4.0 5.7 13.0 24.0
    Triceps 13.0 ± 5.5 6.0 9.0 16.0 23.7
1
n = 1704.
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TABLE 2
Anthropometric characteristics of the children studied, by American Indian community
1
Skinfold thickness
Age Weight Height BMI Triceps Subscapular
y kg cm kg/m2 mm
Boys
    White Mountain Apache (n = 152) 7.5 ± 0.6 32.5 ± 9.3 130.5 ± 5.6 18.9 ± 4.2 12.5 ± 6.8 9.9 ± 7.3
    San Carlos Apache (n = 111) 7.6 ± 0.6 31.6 ± 8.5 130.0 ± 5.5 18.5 ± 3.7 12.0 ± 5.9 8.8 ± 6.2
    Sicangu Lakota (n = 72) 7.8 ± 0.7 33.8 ± 9.9 131.7 ± 6.2 19.3 ± 4.2 11.8 ± 5.3 9.3 ± 5.8
    Oglala Lakota (n = 158) 7.8 ± 0.7 33.4 ± 8.0 132.8 ± 6.4 18.8 ± 3.4 11.4 ± 4.5 8.9 ± 5.2
    Navajo (n = 263) 7.4 ± 0.5 29.4 ± 7.3 126.9 ± 6.0 18.1 ± 3.4 11.6 ± 5.1 8.8 ± 6.2
    Gila River, Pima-Maricopa (n = 44) 7.8 ± 0.7 34.0 ± 10.0 131.4 ± 5.8 19.4 ± 4.2 13.9 ± 6.7 10.2 ± 7.3
    Tohono O'odham (n = 81) 7.8 ± 0.7 38.2 ± 11.9 133.7 ± 6.5 21.1 ± 4.9 15.3 ± 6.8 12.7 ± 8.1
    All communities (n = 881) 7.6 ± 0.6 32.3 ± 9.1 130.2 ± 6.5 18.8 ± 3.9 12.2 ± 5.8 9.5 ± 6.6
Girls
    White Mountain Apache (n = 121) 7.5 ± 0.6 31.0 ± 7.3 129.9 ± 5.7 18.2 ± 2.9 13.4 ± 5.0 10.3 ± 5.8
    San Carlos Apache (n = 94) 7.5 ± 0.5 31.9 ± 7.7 129.8 ± 5.5 18.8 ± 3.4 14.4 ± 5.2 11.11 ± 5.7
    Sicangu Lakota (n = 65) 7.6 ± 0.6 32.8 ± 8.7 130.9 ± 5.7 18.9 ± 3.7 12.7 ± 4.3 10.0 ± 4.8
    Oglala Lakota (n = 155) 7.7 ± 0.7 33.5 ± 8.8 131.3 ± 6.3 19.2 ± 3.8 13.3 ± 4.5 11.0 ± 5.7
    Navajo (n = 273) 7.4 ± 0.6 29.1 ± 7.6 126.7 ± 5.4 18.0 ± 3.8 12.9 ± 4.6 10.3 ± 6.1
    Gila River, Pima-Maricopa (n = 43) 7.6 ± 0.5 35.0 ± 8.4 130.1 ± 5.1 20.5 ± 4.1 17.0 ± 6.4 15.3 ± 7.9
    Tohono O'odham (n = 72) 7.6 ± 0.6 36.6 ± 10.5 131.1 ± 6.4 21.0 ± 4.7 16.9 ± 5.9 14.2 ± 7.4
    All communities (n = 823) 7.5 ± 0.8 31.8 ± 8.6 129.4 ± 6.0 18.8 ± 3.8 13.7 ± 5.1 11.1 ± 6.2
1
x̄ ± SD. Samples sizes vary slightly for each measurement as a result of missing values.
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TABLE 3
Percentage body fat and percentage of children between the 85th and 95th percentiles and above the 95th 
percentile for BMI
1
Percentage body fat BMI between the 85th and 95th 
percentiles
BMI > 95th percentile
Girls Boys Girls Boys Girls Boys
% % %
White Mountain Apache (n = 121 G, 152 B)
33.5 ± 6.0
2 32.1 ± 7.4 20.7 14.5 24.8 29.6
San Carlos Apache (n = 94 G, 111 B) 33.9 ± 6.3 30.5 ± 6.7 28.7 20.7 26.6 22.5
Sicangu Lakota (n = 65 G, 72 B) 34.3 ± 5.6 33.0 ± 6.6 24.6 22.2 27.7 29.2
Oglala Lakota (n = 155 G, 158 B) 34.2 ± 6.1 31.3 ± 5.9 18.1 25.2 35.5 24.5
Navajo (n = 273 G, 263 B) 32.2 ± 6.3 29.9 ± 6.6 18.7 18.3 23.4 20.5
Gila River, Pima-Maricopa (n = 43 G, 44 B) 37.2 ± 7.3 31.9 ± 7.2 20.9 22.7 53.5 27.3
Tohono O'odham (n = 72 G, 81 B) 37.2 ± 7.6 35.1 ± 8.1 23.6 17.3 50.0 49.4
All communities (n = 823 G, 881 B) 33.8 ± 6.5 31.4 ± 7.0 21.0 19.6 30.5 26.8
1
Percentage body fat was estimated by using an equation that included sex, age, weight, resistance, reactance, and triceps and subscapular skinfold 
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